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(54)Title: SPUTTER TARGET 




(57) Abstract 

A sputter target consisting of a high-purity Nb containing not more than 3000 ppm of Ta and not more than 200 ppm of oxygen, with 
variations in Ta content limited to within +/- 30 % through the whole target and variations in oxygen content to within +/- 80 % throughout 
the whole target, thereby implementing a low-resistivity wiring film. In addition, each Nb crystal grain in the sputter target has a grain size 
0.1 to 10 times the average crystal grain size and a grain size ratio between adjacent crystal grains is 0.1 to 10. Such a sputter target can 
minimize the occurrence of giant dust and is suitable for forming an Nb film used as a liner material for Al wiring. 



(57)gtf> £ 

©A^^^rtt, h£ft<h UT±30% Pirtt$nt^5o £fc, 

Bsas^acoA^y + fct* h±&t ux±80% artt^nt^ 



AE 




DM 




KZ 




RU 




AL 




EE 




LC 




SD 




AM 




ES 


*^-< > 


L I 


y t ^-r > 


S E 




AT 


* h y T 


F I 




LK 


*y • 7>-7& 


SG 




AU 




FR 




LR 


y ^<yr 


S I 


a V^=-7 


AZ 




GA 




LS 




SK 




B A 




GB 




LT 




S L 


~>^7 - u-^-j^ 


B B 




GD 




LU 




SN 




BF. 




GE 




L V 




s z 


B F 




GH 




MA 




TD 


^ + -K 


BG 


y r 


GM 




MC 




TG 


h — =r- 


B J 




GN 




MD 




T J 




BR 




GW 


*=.t • tr-y-*- 


MG 




TZ 




BY 




GR 


*y->-r 


MK 




TM 




C A 




HR 








TR 




C F 




HU 


^>#y- 


ML 




TT 


h y k • h^<=f 


CG 




I D 




MN 




UA 




CH 




I E 




MR 




UG 




C ! 


=» — h^7-/u 


I L 




MW 




US 




CM 


# > /u— > 


I N 




MX 




U2 




CN 


*® 


I S 




NE 




VN 




CR 


= - y * 


I T 




NL 




YU 




CU 




J P 


B ^ 


NO 




ZA 




C Y 




KE 




NZ 


— ^ — • K 


zw 




CZ 




KG 




P L 








DE 




KP 




PT 








DK 




KR 


tsm 


RO 


;u — -?^7 







WO 00/00661 



m m m 

7. A 0 v $ $ — f y b 



PCT/JP99/03407 



64Mk*y hDR AM^^n&i&n^mfom^-vfc. mmmit. mmma. 
it. ^mmit^mtsiz^nx . mmuai:am\zm^^ri^mm.^^^m 
^oti^o z.<D£.?uMmm&<<DWi®mi[:\zft-DT. Ai^cusi 

x<Dmmffi&x\t&n±izmfot£tiz>mmm<Dti/^uy vM£atjg<& 

■tClT, fie*<Z)iBSft*<!:ttS^«, Ta7J^7y> (DD) 

K«fc9EII&JR£^|*il;:«EL&A,£:!g. CMP (Chemical Mechanical 
Polishing ) £&£T&*y©ffiiia&ra£l$*^£&ffiT&.3. 

1 



WO 00/00661 



PCT/JP99/03407 



£LTte. -ISWIIT L^U T i«TIJij7 

n-XSTA 1 £T i^(£SLTAl 3 T i ffc£ift#fl«S ft. *(D1& 

SftTH*. NbliT i £J*«UTE*IJgK£<£«T£;i£#T#. £ 
7c A 1 CD 'J 7D-ttl;o^Tfe^]i$t§;i;^pJt i: ^| )o 

tC^T. 256Mb* y h-WGfcfy h^KDHlg^ft^DRAM/it* 

tfcAllilt'li. ffifct^£?i?J!t£ <£ < 4« QcmWTUfflliSCt^ 

^Wl34lTLi7 £l>-3Hga«<&3. CD ^ <Jr LT, ^$#7* 

±i£ Lfc«fc O \Z. |£*CDN b ^-y v hfli HTfifcm LfcN b -7 -f — 
fliS:#-r^ A 1 EISlKTte, 256Mb* y h^lGb*>y h J£*±<D D R A Mft £ 
K Jf< dO e> ft T U S . m*.Vl 4/i Q cmUT f£ffim$:-\- friz fr-Dmm 

14 ct < C £tfT?gt£l\ 0 N b 7 -f — IJICDliJcIl^^ 



WO 00/00661 



PCT/JP99/03407 



A 1 m&m<DIS.fiim$:M7Ll£ An QcmJ^TtCffilA^ d t ffi pj & N b m 
•5 CI £ £ @ #J <h 

^^^-y«;Ft*ot. SulBN b © # *§ & « . ¥ m£ Jl & fi tC *f 
LT 0. l~10f8<&«BH©£&££--r* BUgT 3 *g H & © & & U- 

^^-^yHi £ fci-BHg-r stems ©&&u--r %©jt©*-y«y h 

>y h « . 5 61:^-^7 K £ (D & ^ ^ W M © A* 7 U/ 4- ri* ± 80% 1*3 T 

Nb^-y-y htl:^$n5Tati. N b HJt^TBSfl: U < . * 

3 



WO 00/00661 



PCT/JP99/03407 



fzT a (Dmitri (Ta 2 O g &£) fi#3tl::$5£&t$Sf £#-r 3. 

T a ttA 1 £ (DKfo&tfift < , *5fiS£l±T«Al j Taftt'O 

■?* d "C » m 1 tf>X/\° >y — y v b \Z&\,*T\t* ^ifei:lT©Ta 
<*5ASil < b**T#So l^ot, Ta 2 O s ^Alj Ta & £ <0 £ f& K 
^ : ?y*&±S0% W^lilTl^. SM^N b * — ^ >y h W 

Nblti:$fit5Ta, ^CTa 2 C> 5 ft E <D T a £ ft &#EJ3i«g (I 

4 



WO 00/00661 



PCT/JP99/03407 



f:T, *5£W<om 2 (D7,n y 9 9-? v v £*3i>Ttt» Bl^-r-sfe 

iCfcoT, U±1&97s h(Dm±&fflM2tL. N bfll^^tl^JHI-f 
*llga>3SS 0 #S |Sl _t ^ -S: -S d £ # .pj hI £ ft -5 . 

it & ft S ¥ *t flc x / ^ -f X (D - ft fig #J £ is T 0 T * * . 

i\v 9 9 — ? v b*(D^mv>)7tmmte* — »wtia«-rsc:t^»*L 

l><h S ntl^^. #5S93teN b >y h tr>TJ5£IK L fcN b Wk<D 

m^jTtmm^i&m-r^ t&\z* ^m^iTtm & (d ^ y ^ ^ i&. < m ^rzh 

mfcmiZte. *%W<D7,n y 9 9 — ? y V I1T a (D^^M^3000ppm 
T <£> i€ $E & N b ^ 6 & 3 . $ <b tC, * 5g ^ CD X -y ^ 9 — V Hi , 



WO 00/00661 



PCT/JP99/03407 



NbtTattR^LfcS*!:*?). NbgjsHcli^f T 
Ctl^NbtT att-JKWtw«iBfc^&«<i:l*«nT*0. 

tttb* NbA^Ta$»8t5Ii:H$STIi&<. iiflt© N b fcf (' 
7fffl.®7tmii LTJt^W#< (7)T a7&*^£*lT^5. 

t^b, Tate^tL^-f<. £fcTa 2 & T a &ffc& K# 

ilKitUA 1 3 Ta/it'CilFllb^ll^i^tl), :n^Ta^ 
SAllt©^!!;. ^iitfHCT a 2 ^ A 1 3 T a #*7£fifc$n, SB 

^ ill ©ffitam - £ k&s. mm.izmmmizN 

Ta 2 O s #*£>*Ktfcffi£n, fOJ: -5 teA 1 i2^ljlte&i5i*£#i« V> £ 

ffi#L^£, 4/x Qcm£ilT»3SSit«t < Ufl*.<£> d <h A* 1? £ & o 

HE&te, ±SUfcNbi:^$n5Ta, £ <=> tC T a 2 &£©£j* 

t^Nb+WT a^WI^3000ppi aTiLT^S. C<D«k"5l3. Nb 
ht^T a ^Wft£3000ppm J^Tit?.^ I tCioT. -ttl 
^ffl^TliEIlfcN bH14"(DT a S£(£«T5 C £ #T€T -5. lot, 
NbBI^ J ^ j e-<7)±iCBJtfli$ti^>All]li:(D^gnlz^5e=bb<«?¥itt-r-5 

6 



WO 00/00661 



PCT/JP99/03407 



T a 2 O s 1 3 T a &£*©»tt*t§K:{g;Tf S . 

t^N b *<Dmm<a W»£200ppm^T£ LTlr>5. ^i^Nb^- 
y -V h^ffl^tsSciLfcN bitt. T a&tik®) (T a 2 0 & if) CD- 
^(D^6£JMHi:7i^^^a^MgV^ i^b, N b m h *r <D ± IZ f&m £ ft 
5A1I (^^WiAl^il) £<A^E& iffCflrai £ ftS T a 2 O s 

Ztl*>\Z&?T. N bBI£JI<it-*E*^<0ffiffi¥£:*'l@K(£T£ii- 

7-ft-«tLTNb«Stt5Alie»i© 

PPm^T<h-r^^i:^cfcD$f^U<, £ <E> U < lOOOppm »TTS 

^i^0X/t7^^ — y >v htWTa^ti^A^'y + lt ^ — y y 
hM©T a^W*©A*^y + £<6< WAS £ £1;: ctot, tn&m^ 

-y y K£f*<!r LT±80* £ll*]£-f& 3. L t>. Z1C7)J;^(Z, d7 

-y h^ttOIias^WSOA^ CiC^oT, *-ft 

7 



WO 00/00661 



PCT/JP99/03407 



T;fc*6£M£^-r t>tf>T-&£„ #JAtf, ItM 320- 330mm(£> X /I >y ^ ^ 

mm, 1 50mm 6£i^T£o dtl e> 9^©^tffffl-9->yjl/©T a 

M7'^B] = { / (i^i + fi/Mi) } xlOO 

TattiCo^Kt I««ffl$ntU5ICP-AES 

Ttt, ItffifflSnt^iL E C O ft <D^R£t£ • #tt«|iftJR& 

ifi$\ h in? tinti^ xa -y ^ U > ^tCefc 0 

Lfc&^rt*;* A -y *l£fil*I ICSES £*ITI> ^-y-; htf>#x 

P - 3 >pM^ H tt* L , £ n 6 #f«ffll L T £ D S 7 U -- £ & <& . 

8 



WO 00/00661 



PCT/JP99/03407 



Tfc. 0.2- 0.3/im SS<7> fe© «rit UT 

j e-n^ r ti©jgaia7&*^r-rsiai*«:iHi*L«k < 5 t-rs. s-isaaa* 

>y h i3*5^iTtt, BH£-TSilSa&©l&&-*M >C0)Jfc£ 0. I — 10 

9 



WO 00/00661 



PCT/JP99/03407 



5<0|gHi:"r* t^J: < . ££{C$?£L<fi 0. 5~ 1.50)16 

O^glt-f XJtOA^ U/ + £fl£< WAS £ itaoT, fn^ffl^Tf 

— h^:^cD|^^-r-5^ B B H S(^fegit-r XH:©A*7iy + tt± 15X £41*1 
ttSIt^OlifiK. $ £ ICS?* < tt± 10* filrtT*S. 

»a*o 3&^*3siwri»gi-rs30ffl©fess[oteses ( ;i <d o n 

<Z> T- & •?> „ fiaUtl i£@ 320~ 330mm<BXAy 9 $ — *f v h<7>S®fr 

A^y^lX] = { (S*«-ift/hffi) / (g*tt + «/Mi) } xlOO 

1 0 



WO 00/00661 



PCT/JP99/03407 



<Dtz$>, N b 15 B B B t CD I* i ^ f I J f ^ f H ^ i i: ^ U T 0. l~10{g(DiQ 

ns»iR©ffisiffi#i^0m7 y < ft&o n b ^sg^f^s 

-So ST. y * v V O&mfr V * 0) ffl! 5£ © « ^ <h 

l«I^LT-ti->y;U^^^-rs 0 &V>y°)l&WmL. gf^HF : HN 
Og : H 2 0 = 2:2:1 Ol^f >^Lfcg, *fc¥ffif»« . 

-CM^IS^^ff 200«<Z>3te4*EIS«¥JI±lCie&50miD<&R &ft 

ft^WfCte, T a^-WS#3000ppm U*T<0N b 2 Og ^ *f *'if ££ £ ft^ #J 

LtfitiN b :n$w^tfiu^hD>t-A <eb> 

1 1 



WO 00/00661 



PCT/JP99/03407 



13 , /->U7 7 l J>^t:J;i5Nbt{I#ftLT^-5Ta 

iDx^offittmncktiti, -r >=f »y h \zm^m<DWk^ * )i *r - & x 

3ftft:f£ffl£ 6"To 800-^' 1300 , Cg&©i&ftT m#|SI£l±© 

*fi3£i6L. Nb©jgS*a«SS*Sia»i:t5uti:«fcoT. N b *S 

CCD J: 5 (3 btflbtlSiSMN bsftW^mSWRffittKfiSttljnXU 

twaK i£»»^i^©iaffitt 4oo~ eoircoigB^-r* z: 

? -y y htOTa IS^^iSsRBg^OlfiftSrtejt $ iz 9 - 7 >y h 

::til e> fttzmtt%fft'fcV^ XKfiSttUjnx-rs z\ t. \z «*: o t, #f£Hfl 

1 2 



WO 00/00661 



PCT/JP99/03407 



(D 7. y ? ? — f v b ffi% <b tl Z> o 

*mw(Dx y\° v 9 * — ? v bit. #iifx/H ^vw&mBtfzmt 

^r*A*3000ppm $ e> 2000ppm KT. lOOOppm £ & 0 , f0 

A7iy + tt±30X J^F*g, ££(3 15%£JH*g<hfcS. K Si ^ *r S £ o 

<^Tte200ppmJWT, £ £ tc l50ppm^T, lOOppmJ^T <fc & 0 . 
*tCO^Tte±80X £*F*J, 50XE*rt. 30X1^1*3 in AT, 

u©cfc^7iNbltt, ±jzB L^d; 5 A 1 £g£0 — «lz$f iST 

*D, *^ii:d;OI#en5Nbi±l:A l m^A l £-&Jg| 

fflT*BRfc»ig^:KilSlfi[fltig£S«-rs d <h*ST€r*. fit, 256Mtf 
y H-^lGt*^ h WD R A M fc: £ K # «& ^tlT^S. An Qcm&T 

£ ffifi$*t^l:*^SStt,k < £ £ pjfg £ ft £ . Z\ 

mtm ^mm(Dmm\z±^ < mm-tz> 0 ssk, ift^ge^iSHf « 

&\zmm-?Z> Z\ £rf~C»% Z>o Jl^WfCli, ULS I^VLS 
iftr/HX, $e.lIiiSAWT/WX, TPH, LCDf/HX/ii* 

©if BB Q n D^itf bn^o 

■TSD DgB^WB* JHt5*#i*f/H X© — fit J&#J£^ fltr nam T 
mild&UT, 1 ttiflHI^^Bjt^nfcS iSiT^^)„ Si 

1 3 



WO 00/00661 



PCT/JP99/03407 



sis i ±.iztemmm 2 ^m^a^tix^o , zwmmm 2 y$ z v 
m^i±-f) Lxm^-mBizmm^nrzm 1 ©a 1 mm 3 

43 0, C©lFli&l4(;SBii5 (5 a, 5 b, 5 c) A*38!lj"5 *1T 
l^S. ili5a. 5 c ttJBRa&ftlg 4 O g ® t£ It £ SE 
5 bli^l OA 1 12^ 3t-^T5<fc"5lC^j5KStlT^0» J£ft?L 

#IE&!$f5a, 5 b, 5cl*l{C(i, Sf*f6M07^y^^-yy h 
LTffiULtN bi6 ifi => <i ± - ft t L X Bf& £ tlX V^S . L 
T, ;©Nbi6±HAlI^/:ttAl ^4R)i^&SS2 OA 1 S2^ 
7M^tlTl^. ^ne>{:«toT. DDUfBO A 1 £&|£ 8 &m&L 
StlT^S. 0cf» 9 «^^BlT$)'5o 

*58«©7/ty^^-yy LTifiElfcN b Si 6 £*-r<5 

A 1 £&flg8 te, tuKBUfcck -5 {' An QcmSATt V* 5 o tz&tfim&ffi 
&T<-bh<DX3bZ>fztf>. #J*.te*256Mfc* >y h -t> 1 G ti ^ h^JiODRAMft 

mmm 1 

£-f, T a ^#fcA<3000ppm HTONbj Og ^ £ fc^ft (I Jfi 

£ llHld>e)1S»ClHloraTiS^:E Bffif»UT. Tattl^I/<t5 6*181 
0NbO3 7 F (ittg 230mm) £fe§!!Lfc. 



WO 00/00661 



PCT/JP99/03407 



Cttb&N b< >zf y h£W.m 130mm(Cte&i;Ti&r)§gitl^ Zltt£ 
1400X:-C7 Ltz'&, nxSm.m 230- 240mm£T§gi£ L> ££IC? 

□ XJE5ST-aS 320~ 330mmORM^<!: Ltz a Z ft e> R 0) N b (C 
ttLT^ft^'ftllOOt; x 120minCDf£#T'?MJi£2i£-f CI <hlc cfcoT, ^ 

±fBLfcMiJlf£(D3-N bte^tjrj^ijjpx LTt^fflN b M <h L. d ft 
<=> £^#>ffl;t L7t A>y ^r>^^l/— Kffl A 1 400~ 
600<C, /±^ 250kg/cm 2 0^ftT*7 l^yi/XLT, ^-^'7 hi^t 
&3Jg^f*:£fES2!L;to lOi^CLTflfc^i^ft^ig 320mmxjp 
$ 10min£Tjf ^JOIT £ £ £ tC =fc o T , SWit^NbX/t-^^-y' 
t> £^ft^*ft#*Lo 

^ CO J: ^ !:UTi fz 6iS0N b ^ — y y b(DT ai£ : &M.<t. J t<D/^z7 
l^ICP-AES X-^mT&ytftftftffimW : t-f3-i 

: ^-T ^, #BE : IX l(f 5 (Pa) , til ^7 D C : 15 

(kWK y : 1 (min) 0^ttTT, i^^iB^^ £ ffi*J& L S i ^ 

XA(8-T>^) ±(CN b8!£/&g|L, §EHf?fl*!£-^#>TJp£ 0.5/xi <£> 
^"T — Lfz* ^<D'&. A 1 -0. 5wtXC u?-¥y 

±.%zLfz$zfttmmt£?ki*TTx^ v 9 zmmL, um ns<z> 

A 1 WWi&MtfiL'tZo Cft£'J 7 n-^IKZct o T IB l£ tff f*I I C 5fciS L /z 

£#&a 1 m&cMPrmik^z z t\z£<o%zm$:Bfe^fz 0 z\n 

1 5 



WO 00/00661 



PCT/JP99/03407 



1 



2 — V 


T a ttl 


T a ^^m<D 




No 


(ppm) 


n^y^r {%) 


( p. Q cm) 


No. 1 


550 


11 


3. 1 


No. 2 


1550 


27 


3. 5 


No. 3 


1830 


40 


3. 9 


No. 4 


2540 


5 


3. 8 


No. 5 


3300 


17 


10. 5 


No. 6 


8220 


58 


15. 8 



^JS^J 1 <hl^«l3LTfPt3lUfca^fe«N b £ 3 HIE B^ilt-f > zf 
300r. 60013 » 800T:, HOOt:. 130013 tU ttl^ti 60min<7)M 

t^lil: I PC-AESi:J;oT^flTlfc. T a^#a«1830ppm . ^ 

1 6 



WO 00/00661 PCT/JP99/03407 

^^'^^S: 7<t-XA 7 ^, IfJE : lxiO" 5 (Pa), tiijjDC : 15 
(kW), 1 (min) <Z>f£#TT\ ^ ftfii&ffi Z&tiLLtz S i V 

7^t-i^ffilLfc 0 ^tf>f£> A 1 -0. 5wt*C u $ — 7 v K£ffl^T> 



2 









No 


CC) 


( u Q cm) 


No. 1 


Mmm 


3. 8 


No. 2 


300 


3. 7 


No. 3 


600 


3. 5 


No. 4 


800 


3. 2 


No. 5 


1100 


3. 1 


No. 6 


1300 


3. 1 



<£ffifii$fl:S:ia* C $ 6 l:«8(ft*UgSr) £ * @ (c ft ± £ -tf 

S d i 75* "51 (t 7i -5 o 

nmm 3 

ft (si <z) h t ; jg e b m ffi l t > mm^ftskw&tzz mm<DN b 1 >n* 

l 7 



WO 00/00661 



PCT/JP99/03407 



y h mm 230mm) SMLZio 

z.tiz&Nb'f >=fy b&w.m mmmizu^^n-^omm u, ins 

HOO'CTT^i-JULfc^, Stfitg 230~ 240Bm*T«jfiL, $ 6 ^7 
□ XffiMTS:^ 320— 330mm©R«#£ Lit. iin^RittONblll 
^UT^n-enilOOt: x 120min<D^#TMJI£;&S-r I ch^ctoT, Pf 
S8iiffi»<h Lit. 

btfJ6fflf LfcA*7^>^'^I/-hfflA 1 ^iSt^, 400- 
600"^, JE^j250kg/cm 2 ©^ttt*7 h7'l/7LT, ^-y-yMRfli 
ft $5 Lfc. I ©«fc 5 (C LTff fct££-#:£iS!£ 320mmXjf£ 

10mm*T*8l«iDI-r* liCioT, gift if 3 Nb7/V;^^-y»; 

• ^ft&KJR&B (LECOttMTC-436 ) 

±fSLfc 6SiON b XA y 9 $ — ? y h Z^tn^tim V>T* 
: 7<t-7^y^, ffffi : lxiO~ 5 (Pa)> tti ^ D C : 10 
(kWK X A 0 y ?mm : 3 (min) 0*ftTT, ^#12 Hi* & ^fiJt b S i 
iA(H>f) ±ilN bBHSfiJclgiL, IS^rllrtS^'^Ti?$20/zm © 7 

■a--m^m^vrz a t(Dm. ai-o. 5wtxc u h^ra^T. 

A l m£ U 7 o-^ffli^XSa^rtll^tJlL/i 

£#ftA l fi^CMP-p^itS: <hHct 9E«l£fl«L&. in 
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m 3 



$ — y v v 








No 


(ppm) 


n^v* («) 


( u Q cm) 


No. 1 


10 


±82 


4. 2 


No. 2 


10 


±40 


3. 0 


No. 3 


50 


±23 


3. 1 


No. 4 


60 


±64 


3. 1 


No. 5 


100 


±27 


3. 2 


No. 6 


110 


±68 


3. 4 


No. 7 


140 


±38 


3. 5 


No. 8 


320 


±31 


4. 1 


No. 9 


630 


±22 


4. 4 


No. 10 


820 


±20 


4. 7 



^ 3 5 91 5 ft: <fc "5 fc. *^0|(7)NbXA7^^-y-y h (8t**2 
-Si** 7) £fl!V>Tj5fclB!Lfc.N b Ml** {fit* «8t$5#H&<Dffi 

f£> AT 68gONb«*ff8Lfc. SftfflSiagtt 300 

t:. 600*0. 800*0. 1100*0. 1300*C<»:L. ^n^n Wmn<Dm9km$: 
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mm\z iris vtzmm* mmm 3 \z&tfz>t&f42 <o?—yy h 

: n»j 5 , HEE : lxi0~ 5 (Pa), liitlDC : 10 

(kWK : 3(min) ©IftTt, ^#>gE^3f £ b S i V 

-f ± — m$:J&f& Lfzo tOlfe, A I - 0.5wt«Cua'-yy hSffl^T, 



4 









No 


CC) 


( M Q cm) 


No. 1 




4. 9 


No. 2 


300 


4. 3 


No. 3 


600 


3. 8 


No. 4 


800 


3. 1 


No. 5 


1100 


2. 9 


No. 6 


1300 


3. 0 
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£ *ti \z [S] ± $ -a- z> z t. #w g£ £ & £ c 

UllM 5 

g 230mm£>N b -f > =f y h SffSSL/fc. COcfc -5 &N b -f > y h \ZM 

fc. Jbpx^©it^^f£^, { loo- (ifJniioNbtf^i? 

/-f xiOO } ftZo 

ccct^citifcRfittoNbisii^LT, ^n^nnoorx 120 

min ©tfttiil^lLTMiaitLfc. cne^Nbl^^U 
MA 1 Um. 400- 600*0, EE ^ 250kg/cm 2 ©*#T*y h 

320mmxjf $10mm^T^MJtmX-r^^ch^ckoT> a 

^^it: DCXA-y^, WEE: lX10 _5 Pa> titS^DC:15kW, X A ^ 
I5H : lmin©<&#TT, Si ^xa (8< ±f'IP$ 0. 5 *t m <£>N b 

ft fit Lfc. J&flgLfcS i -^ft^ft 500 

uns^Nbit^iiT. NblS a a B |ia)?^is B H H tii:^t§gg|g 
6(C. bflg fie EF£T tA±<Dg^:yx h<&8c£8HJ£ 
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S 5 



1-1 1\ 


HI* 










No 












(*tdlnmB±) 




(%) 


( u m) 


(%) 




«) 


(B/ft) 


1 


95 


30 


0. 7 


0. 6 


2 


0 


2 


87 


70 


4. 5 


1. 2 


5 


0 


3 


55 


100 


7. 8 


5. 8 


12 


0 


4 


25 


190 


0. 05 


5 


35 


0. 8 


5 


33 


280 


15. 8 


17 


45 


0. 6 


6 


14 


350 


23. 2 


58 


67 


1. 2 



S 5 ri» 6 93 S a* ft «fc "5 l£ , #52 lONbX/t-^i'-yy h (f£ £f l 

KlttL, #5§Hj£:£>Jti£0i|£: btf^SU^N b^/^y^^-y y K (tt 
»4 -ttfBf6) *n«rffllriTJ«ttUfcN b Bl * K f& * ^ * h*t#«E 

'Hffitil 6 

5 tH»l:LT. JDX^85* T»ig*5«fctfJEE3££ifiLfcN b« 
ICttU afc&SfcL. 300t, 600X2, 800*0 » 1 100*C . 1300 

60min<E>,MJI£MbT. 6«Sia>N b Wfcfls'fi bfc. 1116 6S 

XA'.^^^ : DCXA 7 ^, fE: IX l0 _5 Pa, Ul^DC : !5kW, X 
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Ay ?mffl : lmin<7)^^TT, S i^lA(H>f) ±t~JP£ 0. 5#m 
n 500&<h Lfco 



^ 6 



No 




mum 


(%) 




<«/*) 




(X) 


1 












3. 5 


2 


300 










1. 2 


3 


600 










0. 1 


4 


800 


10 


0. 5 


7. 8 


1. 2 


0 


5 


1100 


30 


1. 3 


1. 1 


4. 4 


0 


6 


1300 


70 


4. 7 


0. 7 


12 


0 



6 j&> e. 91 S j&> <fc 5 Iw . *^B^<DN b X/Vy — y «/ h (tttt4 
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mm .torn m 

IB ffi tit s£ ft £ BIS €T, S SJcm«tt^»^eo*^:SHlRl 
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1. T a •^WM^3000ppm ^T<7)iSM^ N b ^ £ & 3 d £ t. T 
^ X A >y ^ ^ - y y ho 

2. if i mm.(D7.n y 9 9 — 7 y h IC^^T. 

9-7 y h^fccDMrnr a <£mm<»nz> y*tf±30% ^f*3t$>-5 z t 

ZW^lfTZX^y 9 9~7y K 

3. m^lM 1 siMOX/'Sy 9 9~7 y hlZ&^T . 

^ v ho 

4. it i mm<Dx/^ y 9 9~ 7 y h iZto^X, 
&*^#fi7&*200ppm^TT*S -5 9 9 — 7 y K 

5. 1 $ZM<DX;^ y 9 9~7 y h tlfe^T, 
MIEN b CDW-i-iti&iB'ftL&ff IOOmdi ^ 

V 9 9 ~7 V ho 

6. If jfc^ 1 IBifecOX/\° >y 9 9 — 7 y h \Z&\,*T* 

s^r^-r^ch^ic, m&T2>ms»ft<D®.m-y-<f x<Dtttfi o. i-ioo«bb 

Z £ ZftWlt-r&Xn y 99~7 y ho 

7. mmm i mm<Dxs*y 9 9-7 y hiz&^x , 

mm X A° y 9 9 - 7 y h \tn y * > 9 7 V - h t £ tlX lr> -2> d <h 
£ <h f X A° y 9 9 — 7 y ho 

8 . mmm 7 tim.(D7,/\ y 9 9 — 7 y h \ZH^X. 

mmx/^y 9 9-7 y h £.m&rtv * > 7 Z? V- hidttl^^ti 
T\,^2> Zt&ftmt'f&X^y 9 9-7 y ho 
9 . 1 mm.(D7.ny 9 9-7y hlZ&l^X. 
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10. iSM^N b^bft£XA°>;/ hT^ot, HulBNbOg- 

mt-r^x/ty 99-? v 

11. 1 OfB^CDX/N°^^^-y^ 

±30% UlrtTftSutS^tSttSX/Vy^^-yy h . 

12. natm. i o isa©x/^ y^^-y-; h k:*u>t* 

^att«7^»;^^-yy ho 

13. m&m i o ie«<7)x/\° ^ ^ 9—fy hiz&ux. 

mtiN b Ofi^^^titi 100/zm j^T^&£ £ £ £<&$fc<i:-f ^XA* 
V 9 9 — f y ho 

14. IjfjfcJl 1 0 fE«<Z>X A h K&t^T, 
ll*^#S#200ppm^TT&5;i£*#»£T*XA'-.y h» 

15. W^c^ 1 0fE«E<£>XA y 9 htC*5^T. 

ffiU7.ny 9 9->7 y h\tny >f-?U- h t £ tlX Z. t. 
Z>7,n y — ? y ho 

16. 1 5Et©^/ty^^-yy hK&HT. 

mmx^y 9 9-^f y h <hflaiHA*-y^r>^^'u- htiiitft^^n 

T^5Ii:$^att57^y^^-y7 ho 

17. 1 1 A* >y 9 9— ?v h (3*3 ^T. 

A 1 BSSfcteA 1 ^4Ri:»t57'ft-ttt L T CD N blKOJ^fiJcIC 
ffl^tl5;i^#IStt5X/1^^-y7 ho 
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19. IS^^l 8IB«<£>X/\ 0 «y ^-y y 

20. Iff 3<Jg 1 8 f2*ctf>7>/\ 6 -y — y-y MC43<^T, 

21. ISjfc^ 1 8 I2®(7>X/1 v/ — y y MC*5HT\ 

BUlBXA-y **-y-y h teA-y * >tf7U- h £ tS tlX V>S £ <h 
ZftUt-tZX^ y $ 9 — tf y ho 

22. 2 1 fE«<£>X A h IC&HT, 

>y y y h £Mf2/\*'y *>yyi/- H£ttt£ttffi^£n 

T^££<h£#@j^-f <5 7.A°>y ^3?-y -y K 

23. HtJfcJl 1 8 aaiKOX^y y y Mc&^T, 



J 



THIS PAGE BLANK (uspto) 



WO 00/00661 



PCT/JP99/03407 



F I G. 1 




y / / / /\/ / / / - 



1/1 



THIS PAGE BLANK (uspto) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP99/03407 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI 6 C23C14/34, H01L21/285 

According to International Patent Classification (IPC) or to both nationa l classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

Int. CI 6 C23C14/00-14/58, C22Cl/02 f 27/02, H01L21/285, 21/3205 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1926-1996 Toroku Jitsuyo Shinan Koho 1994-1999 

Kokai Jitsuyo Shinan Koho 1971-1999 Jitsuyo Shinan ToroJcu Koho 1996-1999 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
JOIS, EC LA 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 


JP, 63-138790, A (Director General, Agency of 


1/ 3, 4, 7-9, 




Industrial Science and Technology), 


18, 20-23 


A 


10 June, 1988 (10. 06. 88), 


2, 5, 6, 10-17, 




Page 1, left column, lines 5 to 9 (Family: none) 


19 


Y 


JP, 62-103335, A (Toyo Soda Manufacturing Co., 


1, 3, 4, 7-9, 




Ltd . ) , 


18, 20-23 


A 


13 May, 1987 (13. 05. 87), 


2, 5, 6, 10-17, 




Page 1, left column, lines 5,6; page 2, upper left 


19 




column, line 20 to page 3, upper left column, 






line 3 ; Table 2 (Family: none) 




Y 


JP, 3-36229, A (Cabot Corp.), 


18 


A 


15 February, 1991 (15. 02. 91), 


4, 14, 20 




Page 1, left column, lines 6 to 12 ; page 9, lower 






right column, line 7 to page 10, upper left column, 






line 9 & GB, 2233349, A 





| x I Further documents are listed in the continuation of Box C | [ See patent family annex. 



Special categories of cited documents: "T" 
document defining the general state of the art which is not 
considered to be of particular relevance 

earlier document but published on or after the international filing date "X" 

document which may throw doubts on priority claim(s) or which is 

cited to establish the publication date of another citation or other 

special reason ( as specified) * Y" 

document referring to an oral disclosure, use, exhibition or other 

means 

document published prior to the international filing date but later than 

the priority date claimed " Sc 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
21 September, 1999 (21. 09. 99) 


Date of mailing of the international search report 

28 September, 1999 (28. 09. 99) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP99/03407 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Y 
A 



Y 
A 



Y 
A 



Y 
A 



P, A 



JP, 10-158829, A (Sony Corp.)/ 
16 June, 1998 (16. 06. 98), 

Page 3, column 3, line 40 to column 4, line 33 
(Family: none) 

JP, 9-143707, A (Hitachi Metals, Ltd. ) , 
3 June, 1997 (03. 06. 97), 

Page 3, column 3, lines 13 to 3 6 (Family: none) 

JP, 1-42857, A (Seiko Epson Corp.), 

15 February, 1989 (15. 02. 89), 

Page 1, left column, lines 5 to 17 ; page 3 ; 

Fig. 2 (Family: none) 

EP, 3 072 72, A2 (SGS-THOMSON MICROELECTRONICS, 
INC. ) , 

15 March, 1989 (15. 03. 89), 
Page 4, column 5, lines 37 to 4 6 
& JP, 1-99255, A 

JP, 11-54611, A (Toshiba Corp. ) , 
26 February, 1999 (26. 02. 99), 

Page 3, column 4, line 27 to page 4, column 5, 
line 3 ; page 9, column 16, lines 30 to 41 
(Family: none) 



7, 8, 21, 22 
15, 16 



7, 8, 21, 22 
15, 16 



9, 23 
17 



9, 23 
17 



9, 17, 23 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



4 



@&iaiJg#*§- PCT/JP99/03407 



a. %w<r>m-t zftmoftm imm^n^m. (ipo ) 

Int. CI 6 C23C 14/34, H01L 21/285 



B. 



ffi&zn^tzm<mmn (m9a»mm (ipo > 

Int. CI* C23C 1 4/00- 1 4/5 8, C22C 1/0 2, 2 7/0 2, 
H01L 2 1/2 8 5, 2 1/3 2 0 5 



B*B3£ffl$r^£:$8 1926-1996 



1971—1999 
1994-1999 
1996-1999 



J O I S, EC LA 



jj =r =f y — * 



mm-tz 



Y 
A 



Y 
A 



Y 
A 



JP, 63-138790, A(T.M&ffl%R), 10. 68. 1988 

do. 06. 08), mim£.mn5ft-m9ft(7TVj-tei,) 



JP, 62-103335, A(m#WaXU&t*5£#tfc), 13. 5M. 1987 

(i3. 05. 87), mmiEfflmsft-m6ft^ m2w&±mm2on 



JP, 3-36229, A(^7}tVh a-JlV^y), 15. 2M . 1991 

(is. 02. 9i), mim&fflm6ft-mi2ft, m9w^rmm7n- 



1, 3, 4, 7-9 
, 18, 20-23 

2, 5, 6, 10- 
17, 19 

1, 3, 4, 7-9 
, 18, 20-23 

2, 5, 6, 10- 
17, 19 

18 

4, 14, 20 



rxj !RFicBgii(7)fc5S:^ffoo-c 



ISI&SME*:3feT UiB 



2 1. 0 9. 9 9 



28.09.99 



BISP3S^M©^^S.r>*fc-C$fe 

B*B4#ff/T (IS A/ J P) 
g5{Sl§-*§- 1 0 0-8 9 1 5 

Mm&^ttmm.mtm=T s 4 # 3 * 



Hi 03 m <§gP 

flMS#-§- 03-3581-1 101 



4 G 



8 116 



3 4 14 



KSPCT/ISA/2 10 (^S2^— i^) (1 9 9 8f7^) 



p 



PCT/J P 9 9/0 3.4 0 7 



C 



Jj-rdTV — * 



Y 
A 

Y 
A 



Y 
A 



Y 
A 



%10nZc±ffl%$9'rt & GB, 2233349, A 

JP, 10-158829, A(y-H*5£#tt), 16. 6M. 1998 
(16. 06. 98), »3H»3«m40fr-IB4ffl|^33tT(77^y-3&U 



JP, 9-143707, A(0^JR«c^tfc), 3. 6£. 1997 
(03. 06. 97), »3H#3fflfftt3ff-!&36?T<:7TSy-ftU 



P, A 



JP, 1-42857, A^n-^y^^^t), 15. 2^. 1989 

(15. 02. 89), %nmiEffl%5ft-mi7n. mmm2m 

EP, 307272, A2(SGS-THOMSON MICROELECTRONICS, INC.), 
15. 3% . 1989(15. 03. 89), ^4H^5«HM37tT-^46tT & 
JP, 1-99255, A 

JP, 11-54611, AOHSi^ttfc^), 26. 2M. 1999 

(26. 02^99), %3m%4mm27ft-m4nwi5ffln3ft, msw 



7, 8, 21, 22 
15, 16 

7, 8, 21, 22 
15, 16 



9, 23 
17 



9, 23 
17 

9, 17, 23 



SSiPCT/ISA/2 10 (.m2^<-^<Dffi.2) (1 9 9 8^7^) 



